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A B S T R A C T  
Objective: To determine the diagnostic accuracy of trans-abdominal ultrasonography in urolithiasis, keeping CT KUB as 
gold standard. 
Material and Methods: This cross-sectional validation study was conducted at Armed Forces Institute of Radiology and 
Imaging, Military Hospital (MH) Rawalpindi from 15 July 2015 to 14 July 2016. In total 115 patients with expected 
urolithiasis were evaluated with transabdominal ultrasonography and the findings were documented. CT KUB of these 
patients was carried out. The sensitivity, specificity, positive predictive value, negative predictive value and diagnostic 
accuracy of transabdominal ultrasonography were calculated, keeping findings of CT KUB as gold standard. 
Results: Among total of 115 patients, 54.78% (n=63) were males and 45.22% (n=52) were females. Mean age was 
35.69 ± 5.91 years. Frequency of urolithiasis on CT KUB was recorded in 62.61% (n=72). The sensitivity, specificity, 
positive predictive value, negative predictive value and diagnostic accuracy of transabdominal ultrasonography in 
urolithiasis was calculated as 65.27%, 72.09%, 79.66%, 55.36% and 67.83% respectively. 
Conclusion: The diagnostic accuracy of trans-abdominal ultrasonography in urolithiasis is acceptable for diagnosing 
urolithiasis and hence it may serve as an alternative in case of unavailability or contraindication to CT scan. 
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I n t r o d u c t i o n  
 
Urinary tract calculi are solid concretions found in the 
urinary tract from dissolved urinary minerals.1 They may 
be found in the kidneys, ureters, urinary bladder or 
urethra and represent one of the major diseases affecting 
the population since ancient ages.2  A study calculated 
the prevalence of urinary tract calculi to be greater in 
males (15% ) and lesser in females (8%) with an annual 
incidence of 131 per 100,000.3,4 Urolithiasis, presenting as 
renal colic, flank pain, dysuria or hematuria, is one of the 
commonest causes to seek medical attention. Stone 
disease may cause longstanding obstruction and 
infection, ultimately leading to renal failure 5 Thus, early 
accurate diagnosis with appropriate treatment of 
urolithiasis is paramount for prevention of complications 
and maintenance of renal function.6 Male gender, NSAID 
(Non-steroidal anti-inflammatory drugs) usage, intestinal 
surgery, Crohn’s disease, reduced physical activity, 
hospitalization and gallstones are significant risk factors 
for urolithiasis along with metabolic disturbances such as 
gout, renal tubular acidosis and hypercalciuria.7  
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Acute renal colic is one of the frequent causes of 
presentation to the surgical department. Over the years, 
there has been a drastic change in the preference of 
investigations used to diagnose urolithiasis, so it is not 
always clear in which order the investigations should be 
carried out, especially if there is a contraindication to 
contrast administration or ionizing radiations. Historically, 
KUB radiography in the form of plain x-rays and 
intravenous pyelography (IVP) was used, but this had the 
disadvantages of radiation exposure, patient preparation 
and contrast administration (in cases of IVP). A study 
established KUB radiography to be 57 % sensitive and 76 
% specific.8 Ultrasound (US) has emerged as a leading 
imaging modality for diagnosis of urinary tract calculi , as 
it is non-invasive, free from ionizing radiation, easily 
available and cost-effective.9 The disadvantages may 
include inter-operator variation and difficulty in diagnosing 
ureteric calculi. The sensitivity and specificity of 
ultrasound for urolithiasis is variable, depending upon 
various factors like patient habitus, operator capability, 
and the site and size of the calculus. The sensitivity of 
ultrasonography for ureteric calculi increases on addition 
of x-ray KUB abdomen.10 
CT KUB is the most sensitive investigation for 
identification of urolithiasis.11 However, it has some 
weaknesses like limited spatial of resolution, due to which 
it may wrongly predict small calculi and stone fragments. 
Similarly, due to use of ionizing radiation, repeated CT 
scans can result in a substantial cumulative dose during 
short-term follow up. Low-dose protocols allow patient to 
be exposed to low dose causing reduced biological risk.11 
In Pakistan, the usage of CT KUB for diagnosis of urinary 
tract calculi is relatively new with the lack of availability, its 
cost and lack of technical expertise being the main 
causes of its limited use. So this study has been carried 
out to assess the diagnostic accuracy of ultrasonography 
in detecting urolithiasis in comparison with CT, for the 
reason that it has the advantage of lower radiation dose 
and easy availability in our setups. 
M a t e r i a l  a n d  M e t h o d s  
The cross sectional study was carried out at Armed 
Forces Institute of Radiology and Imaging, Military 
Hospital (MH) Rawalpindi, from 15 July 2015 to 14 July 
2016.  Total 115 patients with expected urolithiasis were 
included in the study. Non-probability, purposive sampling 
was done. All the patients, reporting to the hospital during 
the duration of the study, who fulfilled the inclusion 
criteria, were included in the study. The study was 
approved by institute’s ethical committee for research. 
Patients of either gender having age between 18 to 45 
years, visiting to the outpatient department due to flank 
pain with any of the following associations like increased 
frequency of urination (more than twice of previous), 
oliguria (<400ml/24hrs), dribbling of urine (on history) or 
hematuria were incorporated in the study. Any Patient 
with known pelvic pathology, pregnant patients, patients 
who refused to give consent and non-cooperative patients 
(psychiatric patients) were eliminated from the study. All 
participants were briefed about the purpose of the study 
and informed written consent was taken. History and 
physical examination was done.  Ultrasonography was 
done, through the transabdominal approach for all 
patients with full urinary bladder, using Toshiba Nemio 
XG® Doppler ultrasound scanner with 4.2MHz frequency 
transducer. The kidneys were visualized in both sagittal 
and coronal planes. Ureters were also traced down up to 
the urinary bladder with emphasis to the ureterovesical 
junction.  
CT scan was carried out with Acquilion multislice (64) CT 
Scanner, by the trainee researcher. All findings of 
computed tomography scan were substantiated by the 
opinion of consultant radiologist Data was entered and 
interpreted using SPSS version 15. Sensitivity, specificity, 
PPV, NPV and Accuracy were calculated as: 
Sensitivity: a / (a + c) x 100 or TP / (TP + FN) x 100  
Specificity: d / (d + b) x 100 or TN / (TN + FP) x 100  
Positive predictive value:  a/a+ b x 100 
Negative predictive value: d / c + d x 100 
Accuracy: a+ d / a+b+c+d x 100  
R e s u l t s  
Age of study participants ranged between 19 to 54 years 
with mean age calculated as 35.69 ± 5.91 years. Large 
number of patients (46.9%) were in 31-45 years of age 
group (Table 1). Out of total 115 patients, 63 were male 
and 52 were females (Figure 1). On CT KUB, total 72 
patients (62.61 %) were positive while 43 patients (37.39 
%) were negative for urolithiasis. Keeping CT KUB as 
gold standard, trans-abdominal ultrasonography revealed 
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40.87 % patients as true positive cases (Table 2).The 
sensitivity was 65.27 %, specificity was 72.09 %, PPV 
was 79.66 %, NPV was 55.36 % and diagnostic accuracy 
was 67.83 % (Figure 2). 
D i s c u s s i o n  
Renal colic resulting due to urinary tract calculi may 
present as acute abdomen and leads to a significant 
burden on the A & E (accident and emergency) and 
surgical OPD. Guidelines of the American College of 
Radiology (ACR), American Urological Association (AUA), 
and European Association of Urology (EAU) propose 
different investigations for further assessment of these 
cases.12  
 
Table 1: Age distribution of patients (n=115) 
Age of patients (years) Frequency Percentage 
16 - 30 22 19.1 
31 - 45 54 46.9 
46 – 60 39 33.9 
Total 115 100 
 
Table 2: Cross tabulation of findings of CT KUB 
and trans abdominal ultrasonography in study 
participants (n=115) 
Trans-Abdominal 
Ultrasonography 
Urolithiasis 
CT-KUB 
Positive 
CT-KUB 
Negative 
Positive a 
(True positive) 
47 (40.87%) 
b 
(False 
positive) 
12(10.43%) 
Negative c 
(False negative) 
25 (21.74%) 
d 
(True 
negative) 
31(26.96%) 
 
 
Figure 1: Graphical representation of gender 
distribution in study participants (n=115) 
The ACR and AUA nominate CT KUB as modality of 
choice for urolithiasis while EAU favors ultrasound.12-14 
Low dose noncontrast CT, due to its high diagnostic 
accuracy, is taken as the gold standard in patients with 
suspected urolithiasis, as it can accurately delineate the 
site and size of calculus (including ureteric calculi), reveal 
complications and unfold alternative causes of abdominal 
pain like appendicitis or intestinal obstruction.15 In our 
study, the sensitivity, specificity and diagnostic accuracy 
of transabdominal ultrasonography in cases of urolithiasis 
was calculated to be 65.27%, 72.09 % and 67.83 % 
respectively. The findings of our study are closely in 
agreement with most studies performed in this regard. 
Kanno T et al 16, with a sample size of 856 patients, 
showed that ultrasonography had a sensitivity of 78.9 % 
and specificity of 83.7 % for renal calculi, confirmed by 
non-enhanced CT. The study proved ultrasonography to 
be an accurate modality for detection of urolithiasis.  
Another study conducted by Smith-Bindman R et al 17 
(conducted on 2759 patients) showed that 
ultrasonography as first-line investigation produced lower 
radiation exposure as compared to CT scan without any 
significant change in diagnostic ability or any other 
untoward effect. 
Transabdominal sonography may be used effectively to 
detect calculi in kidneys, proximal ureter, vesicoureteric 
junction or urinary bladder. It also gives information 
regarding the extent and severity of the resulting 
obstruction. Mid ureter is usually obscured by bowel gas 
shadows and visualization of this region is limited. In this 
regard, findings of ultrasonography may be combined with 
findings of x-ray abdomen to give better diagnostic 
accuracy. Similarly, use of contrast medium or performing 
transrectal or transvaginal sonography are newer 
avenues which can be explored to enhance the diagnostic 
accuracy, but due to the limitation of the study, we did not 
use these techniques in this study.  
In our view transabdominal ultrasonography provides 
many benefits as an effective diagnostic modality for 
urolithiasis, especially in pregnant patients and children. 
Newer techniques and equipment as well as use of 
intravenous contrast media can provide additional 
information and lead to even greater improvements in the 
diagnostic potential of ultrasonography for urolithiasis. 
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Not much data is available when determining the 
diagnostic accuracy of transabdominal ultrasonography in 
urolithiasis, keeping CT KUB as gold standard; however, 
further trials are required to validate our findings 
C o n c l u s i o n  
Diagnostic accuracy of transabdominal ultrasonography in 
urolithiasis is acceptable for diagnosing urolithiasis. 
Hence, it may serve as an alternative in case of 
unavailability or contraindication to CT scan like pregnant 
patients. Moreover, ultrasonography has the advantage of 
lower radiation dose and easy availability in our setups. 
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